SUMMARY
The Recovery of 1-Nicotine from Animal Tissues and its Colorimetric Micro-estimation BY A. R. TRIM, Biochemical Laboratory, Univeraity of Cambridge (Received 3 November 1947) Some heterocyclic substances containing a trivalent nitrogen atom react with 1:2:4-chlorodinitrobenzene (Vongerichten, 1899; Reitzenstein, 1903) , cyanogen bromide, phosphorus pentachloride (Konig, 1904) (HI) and other substances to produce an unstable pentavalent nitrogen derivative which immediately changes to an open chain derivative of glutaconic aldehyde (see (I)). A similar change occurs in the action of cyanogen bromide on furfural, when the ring opens at the cyclic oxygen atom. The glutaconic derivative obtained in this way will condense with certain aromatic amines to form stable coloured compounds (see (II) ). The tint and intensity of colour produced depend primarily upon the structure of the heterocycic base and the amine. In the cases which have been investigated the development of colour is also influenced by the pH and the concentration of inorganic ions in the solution. This reaction has been widely used for the detection and estimation of pyridine derivatives of biological importance. The procedures adopted have been reviewed by Bacharach (1941) and Waisman & Elvehjem (1941) . Barta & Marschek (1937) estimated nicotine in tobacco by measuring the colour produced by the action of cyanogen bromide and ,-naphthylamine on extracts of the plant. This procedure has now been developed for the accurate estimation of nicotine recovered from animal tissues by a distillation procedure. Quantities up to 600 ,ug. of the base were recovered from 2 to 10 g. wet weight of tissues in 15 ml. of distillate. Quantities of 2 Hg./ml. distillate and upwards were estimated with an error of + 1%. (3) Ethanolic ,-naphthylamine. P-Naphthylamine was recrystallized from ethanol immediately before use to remove the coloured substances which are rapidly formed from it on exposure to light. The purified amine was made up in 0-2 % (w/v) solution in 95 % ethanol before use.
EXPERIMENTAL
(4) 0-2m-Sorensen's phosphate buffer, pH 5-9-6-1.
(5) Acid aqueous ethanol. This consisted of a mixture containing 9 parts by volume 50% ethanol and 1 part of a mixture of equal volumes ofglacial acetic acid, concentrated HCI and amyl alcohol.
The reagents were used in the following order and proportions: nicotine solution, 1.0 ml.; buffer, 0-2 ml.; CNBr solution, 0-27 ml.; ethanolic ,-naphthylamine, 1-0 ml.
Factors influencing the rate of colour development and intensity A number of workers (see Bacharach, 1941; Waisman & Elvehjem, 1941) have used this reaction for the estimation of nicotinic acid and nicotinamide. The more recent investigations have shown that the intensity of colour developed is markedly influenced-by the pH in the solution and by the presence of inorganic ions. This was also found to be the case with 1-nicotine. The addition of the phosphate buffer indicated above led to the development of the maximal intensity of colour. This buffer was the sole source of inorganic ions present in the first stage of the estimation.
The rate of colour development, which is slow at room temperature, was increased by heating to 37°. At 370 and the optimum pH 5-9-6-1 it was found that the colour developedwas yellow which gradually increased in intensity and changed to orange red. Measurements with a spectrophotometer showed that there is a peak of extinction between the wave lengths of 490 and 550 miu. In view of this, green colour filters were used in subsequent investigations. Measurements were made with the Spekker photoelectric absorptiometer, using the green filter no. 5, and in routine visual colorimetry with the Duboscq type colorimeter Chance's glass filter 0 Gr. 1 was employed. With the aid of the absorptiometer it was found that the intensity of colour reached a maximum in 2-5 hr. and remained constant up to 20 hr. A typical set of results is shown in Fig. 1 . A series of tubes containing 300 jig. of nicotine in 1 ml. of solution was -treated with appropriate volumes of reagents and kept at 37°. At intervals tubes were removed in duplicate, the contents made up to 20 ml. with 50 % ethanol and the optical density read in the absorptiometer. The relation between the extinction coefficient and the time of heating is shown.
If one of the above solutions is taken after a minimum of 2x5 hr. heating, made up to 20 ml. with 50 % ethanol and allowed to stand in the air, the second colour change takes place. A slow increase of optical density occurs and the tint changes towards magenta. This change is greatly accelerated by the addition of acid aqueous ethanol (reagent 5) in the place of 50 % ethanol. Fig. 2 shows the relation between the extinction coefficient and the time of keeping at room temperature of solutions from the above series which had been heated for 2-5 hr. at 370 and then made up to 20 ml. with acid aqueous ethanol. The diagram shows that the change is complete within 2 hr. However, in practice it is 58 I948 MICRO-ESTIMATION OF NICOTINE not necessary to wait for 2 hr. before reading, for the relative rate of increase of extinction is independent of the original concentration of nicotine. Provided, therefore, that the acidified ethanol is added to all the solutions at the same time, they may be compared with a standard, prepared simultaneously with them, at any time after the addition. Absolute readings with the absorptiometer can, of course, only be taken after the full 2 hr. has elapsed.
. it is desirable to have the nicotine in a muiimum volume of distillate. It was found that the base could be recovered quantitatively from the tissues of the nematode Ascari8 lumbricoides var. 8ui8 by a modification of the procedure of Werle & Becker (1942) . The distillation apparatus, which. is based on the Pregl micro-Kjeldahl apparatus, is illustrated in Fig. 4 . Fresh wormn tissue (2-10 g.), containing nicotine, was chopped into the detachable flask A. The following reagents were then added: (1) distilled water to a total weight of 25 g., (2) 11 g. ofNaCl, and (3) 0-3 g. of MgO. Beer'8 law. As is shown by Fig. 3 , there is a linear relationship between colour and nicotine concentration over a wide range (in this case 1 5-20 ,ug./ml.).
The e8timation of micro-quantitie8 of nicotine It is clear that, if it is contained in a suitably small volume, about 1 ug. of nicotine may be estimated by this method, using either a directvision colorimeter with small cups, capacity c. 2 ml., or a photoelectric colorimeter with 2 ml. cuvettes, with suitable colour filters. The error is less than 5 %.
As will be seen in a later section, the minimal volume in which all the nicotine may be recovered from animal tissues is 15 ml., so that when very The flask was attached to the apparatus by the ground-glass joint J and supported by a ring and gauze. The mixture was then heated by a small gas flame, and 15 ml. of distillate were collected, care being taken to avoid frothing beyond the first bulb of the still head. Some examples of the recovery of nicotine are given in Table 1 . In this experiment small volumes of nicotine solution, c. 1 ml., were added to chopped Ascariw tissues, incubated at 370 for 6 hr., and then distilled. The final volume of solution for estimation was 50 ml.
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The process of distillation was slow, taking about 30 niin. for the complete operation. Recoveries adequate for exploratory and comparative work may be obtained by a much more rapid steam distillation procedure in which the flow of vapour is supplemented by the passage of steam through the tube B (broken line, Fig. 4 ). By this procedure about 75 % of the nicotine may be recovered in 5 min. in 15 ml. of distillate. SUMMARY A method is described for the recovery of nicotine from tissues and its estimation in quantities from 1 yg. Investigations concerning the metabolism of nicotinic acid and its derivatives have been surveyed recently by Schlenk (1945) , and, in the case of micro-organisms, by McIlwain (1947) . In the latter account, attention was directed to the synthesis, inactivation and interconversion of coenzymes I and II by micro-organisms, and particular efforts were made to obtain values for the rates at which these changes occur. Although many papers bearing on this subject were assessed, few if any were found to contain all the data required for calculating unequivocally the rates at which these important processes take place. (McIlwain, 1946b) .
Studies have now been made of the behaviour of biacteria towards nicotinic acid derivatives, especially cozymase. This behaviour has been found to be dominated in many orgnisms by reactions which are potentially much more rapid than those inferred previously. Before studying the slower reactions (for which, also, evidence has been obtained) the course and products of the more rapid reactions have been examined, and are reported in this paper. FL, a laboratory strain), a Staphylococcu8 aureus (laboratory strain) and Proteus morganii (N.C.T.C. no. 2818) were grown in the casein-yeast medium of McIlwain (1946a) , modified as follows: in place of NaOH, 0 5M-NaHCO, (additional 6-8 ml./100 ml.) was added; the initial pantothenate content was 10-8M; the quantity of yeast preparation was 2-5ml./ 100 ml.; and of the group A addenda only riboflavin, aneurin, KH2PO4, tryptophan, methionine, MgSO4, Fe(NH4)2(SO4)2.6H20 and cystine were included. Escherichia coli (N.C.T.C. no. 4074) was grown in the mixture of inorganic salts and glucose of Dorfmann & Koser (1942) .
Lactobacillus arabinosus 174 was grown in a medium elaborated for the use of the organism in assaying nicotinic acid (see below), and containing the quantities of nicotinic acid specified in the individual experiments described. Its pH fell from 6-8 to 5 during growth. Haemophilus parainfluenzae was also grown in the corresponding assay medium, with defined quantities of cozymase as V-factor.
Reaction with cozymase. Bacteria were normally harvested by centrifuging, washed twice with 0.9 % NaCi, suspended in that solution and a small sample taken for dry weight estimation. The suspensions were distributed between experimental vessels, which, for anaerobic experiments, were Warburg flasks with yellow P in t centre well. Saline was that of Krebs & Henseleit (1932) .
Microbiological assays. Nicotinic acid was determined using LactobaciUus arabinosus 17-5 in very nearly the way
